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(57) ABSTRACT 

In a magnetic resonance imaging (MRI) method, in the form 
of an MRI pulse sequence, and an apparatus for acquiring 
MRI data from an object, a contrast preparation module is 
applied to the object for preparing a contrast in the magneti 
Zation of nuclear spins of the object, and an imaging module 
is applied to the object after the contrast preparation module 
for acquisition of magnetic resonance image data re?ecting 
the prepared contrast. The contrast preparation module 
includes a train of radio-frequency pulses With the same ?ip 
angle magnitude (X, the respective signs of the ?ip angles 
alternating from radio-frequency pulse to radio-frequency 
pulse. 
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MAGNETIC RESONANCE IMAGING 
METHOD AND APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a magnetic resonance 

imaging (MRI) method in the form of a pulse sequence, as 
Well as to an MRI apparatus of the type suitable for medical 
imaging. 

The present invention relates to the ?eld of magnetic reso 
nance imaging (MRI) as used in medicine for examination of 
patients. In particular, the present invention relates to a MRI 
pulse sequence and to a MRI apparatus suitable for cardiac 
imaging, particularly for imaging and diagnosing acute inf 
arct patients and patients With myocardial ischemia. 

2. Description of the Prior Art 
MRI is based on the physical phenomenon of nuclear mag 

netic resonance and has been successfully used as an imaging 
method for over several decades inter alia in medicine and 
biophysics, as Well as other ?elds. 

In this examination modality, a subject is exposed to a 
strong, constant basic magnetic ?eld (often called the B0 
?eld). The nuclear spins of the atoms in the subject Which 
Were previously randomly oriented, thereby align. Radio 
frequency energy, e.g. radio-frequency pulses, can excite 
these “ordered” nuclear spins to a speci?c oscillation, i.e. a 
precession around the main magnetic ?eld. This oscillation 
generates a signal that can be detected by appropriate recep 
tion coils. By the use of non-homogeneous magnetic ?elds 
generated by gradient coils, the signals can be spatially coded 
in all three spatial directions. The acquired signal can be 
digitiZed. A so-called multidimensional k-space matrix is 
?lled With the digitiZed complex values of the measurement 
signal. A corresponding magnetic resonance image is gener 
ated from the k-space matrix by means of a complex Fourier 
transformation. 

Recently, MRI has been used for cardiac imaging. The 
detection of cardiac edemas, i.e. essentially the accumulation 
of Water in heart muscle, has turned out to be useful for the 
identi?cation of acute infarct patients. 

Additionally, blood oxygen level-dependent (BOLD) MR 
imaging, Which is knoWn for obtaining MR data from the 
brain, has been proposed for cardiac imaging. This technique 
relies on the endogenous contrast mechanism of oxyhemo 
globin and deoxyhemoglobin, respectively. In cardiac imag 
ing this BOLD contrast can be used for identifying myocar 
dial ischemia. 

The publication of Abdel-Aty et al., “Delayed enhance 
ment and T2-Weighted cardiovascular magnetic resonance 
imaging differentiate acute from chronic myocardial infarc 
tion”, Circulation 2004, 109, 2411-2416, discloses a delayed 
enhancement and T2-Weighted cardiovascular magnetic 
resonance imaging method for detecting acute and chronic 
myocardial infarction. 

The publication of Friedrich et al., “Blood-Oxygen-Level 
Dependent (BOLD) Magnetic Resonance Imaging in Patients 
With Stress-induced Angina”, Circulation 2003, 108, 2219 
2223 discloses a BOLD-MRI-sequence T2*-sensitive echo 
planar imaging sequence for detecting myocardial ischemia 
using BOLD contrast, 

The publication of Shea et al., “T2-prepared steady-state 
free precession blood oxygen level-dependent MR imaging 
of myocardial perfusion in a dog stenosis model”, Radiology 
2005, 236, 503-509, describes a MRI sequence used for myo 
cardial perfusion imaging. 
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2 
The publication of Brittain et al., “Coronary angiography 

With magnetization-prepared T2”, Magn. Reson. Med. 1995, 
33, 689-696, discloses a MRI pulse sequence With a 
T2-Weighted magnetiZation preparation. 

HoWever, there is still a need for improving MRI sequences 
regarding artifact sensitivity, motion sensitivity and T2-sen 
sitivity. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide an MRI method in 
the form of a pulse sequence, and a MRI apparatus that are 
particularly useful for cardiac imaging, Which alloW magnetic 
resonance image data acquisition With a good and adjustable 
T2-sensitivity, as is particularly useful for cardiac imaging. 

This object is achieved in accordance With the present 
invention by a method for acquiring magnetic resonance 
image data from an object, by applying an MRI pulse 
sequence in the folloWing steps: 

a) applying a contrast preparation module for preparing a 
contrast in the magnetiZation of nuclear spins of the object, b) 
applying an imaging module succeeding the contrast prepa 
ration module for acquisition of magnetic resonance image 
data re?ecting the prepared contrast, Wherein the contrast 
preparation module includes a train of radio-frequency pulses 
With the same ?ip angle magnitude ot, the respective signs of 
the ?ip angles alternating from radio-frequency pulse to 
radio-frequency pulse. 

In other Words, all the radio-frequency pulses of the train of 
radio-frequency pulses have a ?ip angle With the same mag 
nitude, the sign of the ?ip angle alternating from radio-fre 
quency pulse to radio-frequency pulse. 
An MRI image reconstructed from magnetic resonance 

image data acquired With such a sequence re?ects the contrast 
prepared With the contrast preparation module. The contrast 
preparation module as described above induces a contrast 
according to a steady-state free precession scheme. The 
induced contrast is usually T2/T1-Weighted. 

Therefore, a MR image reconstructed from the acquired 
magnetic resonance image data exhibits a T2/T1-Weighted 
contrast. Such a contrast is particularly useful for BOLD 
imaging. The MRI pulse sequence also alloWs for an easy 
adjustment of the BOLD sensitivity, eg by varying the ?ip 
angle. 

In an embodiment of the MRI pulse sequence the ?ip angle 
of the radio-frequency pulses is different from 180°. The ?ip 
angle 0t can for example be varied Within a of 20° to 150°, 
even more particular Within a range of 40° to 120°, and even 
more particular Within range of 60° to 90°. 
The radio-frequency pulses are especially equally spaced 

in time, for example With a constant time interval TRP 
betWeen tWo successive radio-frequency pulses. A variation 
of the time interval TRP alloWs also varying the contrast. 

In a further embodiment of the MRI pulse sequence, said 
train of radio-frequency pulses is preceded by a ?rst radio 
frequency pulse. The ?rst radio-frequency pulse can be used 
to reduce off-resonance effects. For example, the ?rst radio 
frequency pulse can have a ?rst ?ip angle of ot/2. 

In a further embodiment, the train of radio-frequency 
pulses is succeeded by a ?ip back radio-frequency pulse. The 
?ip back radio-frequency pulse is used for ?ipping the mag 
netiZation back along the longitudinal axis, i.e. along the 
direction of the main magnetic ?eld. This can be achieved for 
example by applying the ?ip back radio-frequency pulse With 
a ?ip angle of ot/2. 

In a further embodiment, the train of radio-frequency 
pulses is succeeded by a spoiler gradient. Such a spoiler 
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gradient destroys the remaining transverse magnetization, 
improving the quality of the succeeding the image data acqui 
sition. 

In a further embodiment, the contrast preparation module 
of step a) is applied to a ?rst slice With a ?rst thickness and the 
imaging module of step b) is applied to a second slice With a 
second thickness, the second thickness being smaller than the 
?rst thickness and the second slice being contained in the ?rst 
slice. Alternatively, the contrast preparation module of step a) 
can be applied in a non-selective manner. 

With these embodiments the contrast preparation is per 
formed on the larger region than the slice the image data are 
acquired from. This reduces artifacts caused by nuclear spins 
in?oWing into the slice the image data are acquired from. 

In a further embodiment, the imaging module of step b) of 
the MRI pulse sequence comprises a steady-state free preces 
sion data acquisition scheme. These sequence is less suscep 
tible to susceptibility artifacts compared With an echo-planar 
imaging (EPI) based sequence. Furthermore, the imaging 
module of step b) can comprise a train of dummy radio 
frequency pulses prior to the acquisition of magnetic reso 
nance image data. The ?ip angles of the radio-frequency 
pulses of the train of dummy pulses can be linearly increas 
ing. This reduces off resonance effects leading to a better 
image quality in a reconstructed image. 

In a further embodiment of the MRI pulse sequence, a 
block comprising step a) and step b) is repeated several times. 
This alloWs for example for a segmented magnetic resonance 
data acquisition. Each time step b) is applied MRI data 
belonging to a different k-space segment can be sampled, 
until all the necessary MRI data for image reconstruction are 
fully acquired. This embodiment is particularly useful in car 
diac imaging, Where due to cardiac motion image data acqui 
sition is only possible Within a limited time period during a 
cardiac cycle. Repeating the block of step a) and step b) 
alloWs splitting up image data acquisition over several cardiac 
cycles. 

In such a case, the block comprising step a) and step b) can 
be triggered by an echocardiography signal in order to adapt 
the MRI pulse sequence to the cardiac motion. 

The above object is achieved by an MRI apparatus con?g 
ured to apply an MRI pulse as described above. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a schematic overvieW of a MRI apparatus. 
FIG. 2 shoWs a MRI pulse sequence diagram of an embodi 

ment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 schematically shoWs an apparatus 1 and its basic 
components. The design of the MRI apparatus 1 as presented 
here corresponds to a conventional MRI apparatus, With the 
important difference discussed beloW and encompasses 
variations and/ or additions that can be made by those skilled 
in the art. 

The MRI apparatus 1 is primarily used for examining a 
body by producing MR images of the interior of the body. For 
this purpose, different magnetic ?elds precisely matched in 
their temporal and spatial characteristics are applied. 
A strong magnet, typically a cryomagnet 5 With a central 

opening, is arranged in an examination cabin 3 designed for 
shielding radio-frequency radiation. The cryomagnet 5 pro 
duces a strong static magnetic ?eld 7, often also called main 
magnetic ?eld, of typically 0.2 Tesla up to 3 Tesla and more. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
A body or a part of the body, not shoWn, is positioned on a 
patient table 9. The part of the body Which is to be examined 
is moved into a homogeneous region of the main magnetic 
?eld 7. 

Nuclear spins in the body are excited by radio-frequency 
excitation pulses that are applied by a radio-frequency 
antenna, for example by the body coil 13. The radio-fre 
quency pulses are produced by a pulse generation unit 15 
Which is controlled by a pulse sequence control unit 17. The 
radiofrequency pulses generated by the pulse generation unit 
15 are ampli?ed by a radio-frequency ampli?er 19 and trans 
mitted to the radio-frequency antenna. The radio-frequency 
system as shoWn here is only a schematic representation. 
Typically more than one pulse generation unit, radio-fre 
quency ampli?er and radio-frequency antenna is used in a 
MRI apparatus. 

Furthermore, the MRI apparatus 1 has gradient coils 21 for 
applying magnetic gradient ?elds used for example for selec 
tive slice excitation or for spatial coding of the sampled sig 
nals. The gradient coils 21 are controlled by a gradient coil 
control unit 23. The gradient coil control unit 23 as Well as to 
pulse generation unit 15 are connected to the pulse sequence 
control unit 17, Which coordinates the radio-frequency pulses 
and the gradient ?elds necessary for applying a MRI pulse 
sequence. 

Magnetic resonance signals originating from the excited 
nuclear spins are received by radio-frequency antennas, for 
example by the body coil 13 and/or local coils 25. The signals 
are ampli?ed by a radio-frequency preampli?er 27 and digi 
tiZed and/or further processed by a receiving unit 29. 
Some radio-frequency antennas as eg the body coil 13 can 

be operated both in a transmission mode and in a reception 
mode. The correct signal path can be ensued by a duplexer 39 
connected upstream of the radio-frequency antenna. 
An image processing unit 31 produces images from the 

sampled signals. The reconstructed image can be displayed to 
a user at a user interface 33 or can be stored in a storage unit 

35. A central computer unit 37 controls the various compo 
nents of the MRI apparatus 1. The MRI apparatus 1 and, in 
particular, the central computer unit 37 and/ or the pulse 
sequence control unit 17 are adapted for applying an MRI 
pulse sequence according to embodiments of the present 
invention. 

FIG. 2 shoWs a MRI pulse sequence diagram of an embodi 
ment of the present invention. 
The sequence shoWn in FIG. 2 is adapted for cardiac imag 

ing. The cardiac cycle is monitored by an electrocardiography 
signal 51. The R-Wave R of the electrocardiography signal 51 
is used as a trigger for starting one block 53 of the MRI pulse 
sequence. 
One block 53 contains a contrast preparation module 55 

folloWed by an imaging module 57. The contrast preparation 
module 55 Which comprises a plurality of radio-frequency 
pulses and/ or gradient pulses is used for preparing a contrast 
in the magnetiZation of the nuclear spins of the object Which 
is to be examined. 

For this purpose, the contrast preparation module 55 
includes a train of radio-frequency pulses 59, Which are all 
equally spaced in time and have the same ?ip angle magni 
tude. The sign of the ?ip angle is alternating from radiofre 
quency pulse 59 to radio-frequency pulse 59. The time inter 
val betWeen tWo radio-frequency pulses 59 is characterized 
by a repetition time TRP. This train of radio-frequency pulses 
59 prepares a contrast according to a steady-state free preces 
sion scheme; the contrast prepared exhibiting a T2/Tl 
Weighting. 
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For cardiac imaging a repetition time of TRPI8 ms and a 
?ip angle of :70° has proven to be useful on a 1.5 T MRI 
apparatus, especially for the detection of an acute infarct 
edemas, as has been shown by experiments for detection of a 
myocardial edema in canines. A myocardial ischemia also 
can be detected using a repetition time of TRPI8 ms is used, 
as has been shoWn by experiments for detection of a myocar 
dial ischemia in patients. Those skilled in the art, hoWever, 
can easily change and adapt these values, particularly for 
achieving different contrast behavior. For example, if a longer 
TRP is used, the contrast Will exhibit a more pronounced 
T2-Weighting. If a shorter TRP is used, the T1-component of 
the T2/T1-Weighted contrast Will be more pronounced. 

Prior to the train of radio-frequency pulses 59 a ?rst radio 
frequency pulse 61 having a ?ip angle With a magnitude of 
ot/2 is applied at a time interval of TRP/2 before the ?rst 
radio-frequency pulse of the train of radio-frequency pulses 
59. This ?rst radio-frequency pulse 61 reduces off resonance 
effects. 

After a time interval of TRP/ 2, the train of radio -frequency 
pulses 59 is succeeded by a second radio-frequency pulse 63 
having a ?ip angle magnitude of ot/2. The second radio 
frequency pulse 63 stores the prepared magnetiZation along 
the longitudinal axis, i.e. the direction de?ned by the static 
main magnetic ?eld. The second radio-frequency pulse 63 is 
succeeded by a spoiler gradient 65 Which destroys any 
remaining transverse magnetiZation. 

The imaging module 57 succeeding the contrast prepara 
tion module 55 is used for acquiring magnetic resonance 
image data. 
As shoWn in FIG. 2, the imaging module includes a ?rst 

train of dummy radio-frequency pulses 69 Which is applied 
before the acquisition 71 of magnetic resonance image data. 
Experiments shoWed that a train of eight dummy radio-fre 
quency pulses 69 With a linearly increasing ?ip angle is par 
ticularly useful to reduce signal oscillations. 

During the folloWing data acquisition 71 a steady-state free 
precession acquisition scheme has been used. Typical useful 
sequence parameters are TR:3.2 ms, TE:1.6 ms, ?ip angle of 
70°, ?eld of vieW:178><300 mm2 (phasexreadout), 
matrix:152><256, bandWidth:975.0 HZ/pixel, 21 lines 
acquired per cardiac cycle. After image data acquisition a 
further spoiler gradient 73 destroys the remaining magneti 
Zation. 

Although in FIG. 2 a steady-state free precession acquisi 
tion scheme for image data acquisition is shoWn, many other 
MRI data acquisition schemes knoWn to those skilled in the 
art can be used in the imaging module 57. 
As shoWn in the cardiac pictograms 75 at the bottom of 

FIG. 2, the contrast preparation module 55 is applied to a 
thick slice 77 of the object to be examined, Whereas the 
succeeding imaging module 57 is applied to a thin slice 79 
contained in the thick slice 77. This can be achieved eg by 
applying suitable adapted gradient pulses (not shoWn) for 
slice selection. For example, the thick slice 77 can have a 
thickness of 7 cm and the thin slice 79 can have a thickness of 
1 cm. 

All the nuclear spins of the thick slice 77 Will exhibit the 
prepared contrast. Thus, even if some in?oW of nuclear spins 
from the thick slice into the thin slice occurs When the imag 
ing module 57 is applied, these nuclear spins Will still exhibit 
the prepared contrast, thus improving the image quantity. A 
similar effect can be achieved When the contrast preparation 
module 55 is applied non-selectively. 

After MRI data have been acquired With the MRI pulse 
sequence of the described embodiment, MR images can be 
reconstructed. The MR images are particularly useful for 
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6 
shoWing edema-containing regions of the heart muscle in 
particular When diagnosing an acute infarct or used to shoW 
ischemic regions of myocardium. 

Although modi?cations and changes may be suggested by 
those skilled in the art, it is the intention of the inventor to 
embody Within the patent Warranted hereon all changes and 
modi?cations as reasonably and properly come Within the 
scope of the inventor’s contribution to the art. 

I claim as my invention: 
1. A magnetic resonance imaging method for acquiring 

magnetic resonance image data from an object, comprising 
the steps of: 

preparing a contrast in magnetiZation of nuclear spins of an 
object by applying a contrast preparation module to the 
object by radiating a train of radio-frequency pulses into 
the object, each having a ?ip angle associated thereWith 
With the same ?ip angle magnitude 0t and With respective 
mathematical ?ip angle signs that alternate from radio 
frequency pulse to radio-frequency pulse in said train to 
produce a T2/T1 Weighting of said nuclear spins; and 

acquiring magnetic resonance image data dependent on the 
contrast prepared by said contrast preparation module, 
by applying an imaging module to the object to obtain a 
magnetic resonance image dataset, and making said 
magnetic resonance image dataset available in a form for 
processing thereof. 

2. A method as claimed in claim 1 comprising emitting 
radio-frequency pulses in said train With said ?ip angle mag 
nitude 0t being different from 180°. 

3. A method as claimed in claim 2 comprising emitting 
radio-frequency pulses in said train With said ?ip angle mag 
nitude or in a range between 200 and 150°. 

4. A method as claimed in claim 3 comprising emitting 
radio-frequency pulses in said train With said ?ip angle mag 
nitude 0t in a range betWeen 40° and 120°. 

5. A method as claimed in claim 4 comprising emitting 
radio-frequency pulses in said train With said ?ip angle mag 
nitude 0t in a range betWeen 60° and 90°. 

6. A method as claimed in claim 1 comprising emitting said 
radio-frequency pulses in said train equally spaced in time 
relative to each other. 

7. A method as claimed in claim 1 comprising, in said 
contrast preparation module, preceding said train of radio 
frequency pulses by emitting a ?rst radio-frequency pulse. 

8. A method as claimed in claim 7 comprising emitting said 
?rst radio-frequency pulse With a ?ip angle magnitude of ot/2. 

9. A method as claimed in claim 1 comprising, in said 
contrast preparation module, folloWing said train of radio 
frequency pulses by emitting a ?ip back radio-frequency 
pulse. 

10. A method as claimed in claim 9 comprising emitting 
said ?ip back radio-frequency pulse With a ?ip angle magni 
tude of ot/2. 

11. A method as claimed in claim 1 comprising, at an end 
of said imaging module, emitting a spoiler gradient. 

12. A method as claimed in claim 1 comprising, in said 
contrast preparation module, preceding said train of radio 
frequency pulses by emitting a ?rst radio -frequency pulse and 
folloWing said train of radio-frequency pulses by emitting a 
?ip back radio-frequency pulse, and ending said contrast 
preparation module by emitting a spoiler gradient. 

13. A method as claimed in claim 12 comprising emitting 
said ?rst radio-frequency pulse With a ?rst ?ip angle magni 
tude of 0d 2 and emitting said ?ip back radio-frequency pulse 
With a second ?ip angle magnitude of 0d 2. 

14. A method as claimed in claim 1 comprising applying 
said contrast preparation module to a ?rst slice of a ?rst 
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thickness of said object, and applying said imaging module to 
a second slice of a second thickness of said object, said second 
thickness being smaller than said ?rst thickness and said 
second slice being contained in said ?rst slice. 

15. A method as claimed in claim 14 comprising applying 
said contrast preparation module non-selectively. 

16. A method as claimed in claim 1 comprising applying 
said imaging module as a steady-state free precession data 
acquisition pulse sequence. 

17. A method as claimed in claim 1 comprising applying 
said imaging module by emitting a train of dummy radio 
frequency pulses in said imaging module prior to applying 
pulses for acquiring said magnetic resonance image data. 

18. A method as claimed in claim 17 comprising emitting 
said dummy radio-frequency pulses With respective ?ip 
angles that increase linearly. 

19. A method as claimed in claim 1 comprising applying 
said contrast preparation module and said imaging module as 
a module block, and repeatedly applying said module block to 
said object multiple times. 

20. A method as claimed in claim 19 Wherein said object is 
a living subject, and comprising acquiring an electrocardio 
graphic signal from said living subject and triggering appli 
cation of each of said module blocks With said electrocardio 
graphic signal. 

21. A method as claimed in claim 1 comprising employing 
a pulse sequence in said imaging module con?gured for car 
diac imaging. 
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22. A magnetic resonance imaging apparatus for acquiring 

magnetic resonance image data from an object, comprising: 
a magnetic resonance scanner con?gured to interact With 

an object to obtain magnetic resonance data therefrom, 
said magnetic resonance scanner comprising a gradient 
coil system and a radio-frequency antenna system; 

a control computer connected to said magnetic resonance 
scanner that operates said radio-frequency antenna to 
prepare a contrast in magnetization of nuclear spins of 
an object by causing said radio-frequency antenna to 
apply a contrast preparation module to the object by 
radiating a train of radio-frequency pulses into the 
object, each having a ?ip angle associated thereWith 
With the same ?ip angle magnitude 0t and With respective 
mathematical ?ip angle signs that alternate from radio 
frequency pulse to radio-frequency pulse in said train to 
produce a T2/Tl Weighting of said nuclear spins; and 

said control computer further operating said radio-fre 
quency antenna, and said gradient coil system to acquire 
magnetic resonance image data dependent on the con 
trast prepared by said contrast preparation module, by 
causing said radio-frequency antenna and said gradient 
coil system to apply an imaging module to the object to 
obtain a magnetic resonance image dataset, and making 
said magnetic resonance image dataset available in a 
form for processing thereof. 

* * * * * 


